Two reaction time experiments explored the effect of semantic associations on the time required to make mental size comparisons. Subjects in both experiments were able to judge relative size more quickly for associated than for nonassociated pairs. This association effect was found for a variety of different types of semantic relationships. Experiment 2 used a large pool of pairs that were scaled for degree of association and subjective size of the individual items. This experiment demonstrated that a high degree of association is more facilitative for pairs with small rather than large size differences. Two different explanations of the results are presented, and it is tentatively suggested that work on mental comparison may be integrated with a broader range of semantic memory research.
Two reaction time experiments explored the effect of semantic associations on the time required to make mental size comparisons. Subjects in both experiments were able to judge relative size more quickly for associated than for nonassociated pairs. This association effect was found for a variety of different types of semantic relationships. Experiment 2 used a large pool of pairs that were scaled for degree of association and subjective size of the individual items. This experiment demonstrated that a high degree of association is more facilitative for pairs with small rather than large size differences. Two different explanations of the results are presented, and it is tentatively suggested that work on mental comparison may be integrated with a broader range of semantic memory research.
People are able to remember a wealth of information about the attributes of objects. For example, most adults probably have a fairly clear idea of the size of a rabbit, the shape of a kitchen chair, the color of coffee, and the speed of a horse. How is such information represented in semantic memory, and how is it located, retrieved, and used to answer questions?
Two independent lines of reaction time (RT) experiments have addressed these issues. In one type of experiment, subjects are timed as they judge which of two symbols is greater or lesser in magnitude along some continuous dimension. For example, the subject might see two animal names, such as "cow" and "dog," and be asked to choose the animal that is normatively larger (Moyer, 1973) . The major finding in such experiments is that decision time is faster for pairs that are far apart in magnitude (e.g., cat-moose) than for pairs that are close in magnitude (e.g., cat-fox). This "symbolic distance effect" (Moyer & Bayer, 1976 ) has been replicated many times for the size dimension (Holyoak, 1977; Jamieson & Petrusic, 1975; Paivio, 1975) , as well as for abstract dimensions such as intelligence (Banks & Flora, 1977) , pleasantness, and monetary Both the mental comparison and the semantic verification paradigms are attempts to investigate how people make simple decisions based on the information stored in long-term memory. In both types of tasks, some index of psychological distance is the major predictor of RT. But, despite this similarity of purpose and empirical focus, virtually nothing is known about the relationship between the symbolic distance and semantic association effects consistently reported in these two paradigms. The only previously published attempt to manipulate both variables in a single experiment was reported by Paivio (1975, Experiment I) . In this experiment, subjects were presented with pairs of animal, object, and mixed animal and object names. For each pair, subjects were asked to choose the normatively larger item. RTs for object-object pairs were significantly longer than those for animal-object pairs, which did not differ from RTs for animal-animal pairs. Since there was no consistent RT advantage for same-category pairs over different-category pairs, Paivio concluded that the results were problematic for models of semantic memory that assume exemplars of the same category are stored closer together than are exemplars of different categories.
Although the failure to find a clear category effect in this experiment is somewhat discouraging, it is far from conclusive. It is not difficult to think of animalobject pairs (e.g., monkey-banana) in which the items are more closely associated than those in an objectobject pair (e.g., shoe-banana). Since Paivio (1975) did not report a normative measure of degree of association for the pairs used in his experiment, the interpretation of his negative finding is left in doubt.
On closer inspection, then, the available evidence does not seem to preclude finding a semantic association effect in the size-comparison paradigm. Can both symbolic distance and association effects be observed in the same experiment? If so, how are the two variables related? Finally, is it possible to develop a somewhat more integrated model of a person's mental operations in this task? We try to answer these questions in the two experiments and discussion that follow.
EXPERIMENT I
The purpose of the first experiment was to determine whether or not a semantic association effect can be observed in a size-comparison task. Subjects were asked to decide whether sentences such as "Dogs are bigger than cats" were true or false for noun pairs that varied in semantic relatedness. A sentence verification task was employed because it makes it possible to determine the effects of semantic association for both affirmative and negative decisions. Furthermore, the degree of semantic association between pairs of items was assessed directly by having subjects rate the degree to which each pair of items was associated.
Method
Pair selection. The test items were based on 24 pairs 0 sentences. Three types of associates were used, with eigh exemplars of each. The first type were words for which size appears to be the dimension of a minimal semantic contrast (e.g., mountain-hili). For these items, size is the most salient and perhaps the only semantic distinction between the two categories. Associates of the second type, like those of the first, were members of the same immediate superordinate category (e.g., dog-cat); however, for these pairs size is not the only dimension on which the terms differ, nor perhaps the most salient. Associates of the third type were not members of the same immediate superordinate, but rather were syntagmatic associates-words that are often used together, but do not have the same semantic role (e.g., oven-turkey). This classification of type of association is not meant to be definitive; the main motivation for choosing items that fall into these different categories was simply to insure that items exemplifying a wide range of types of associates were included in the study.
Each of the 24 pairs of associates was matched wi th a Jess associated pair. The nonassociated pairs were formed by replacing one of the words in the associated pair with another word that lessened the degree of association, and at the same time appeared to slightly increase the subjective normative size difference. In half the cases, the larger member of the associated pair was replaced, and in half the smaller member was replaced. The associates and nonassociates were closely matched on word frequency and length. The 48 word pairs used in Experiment I are listed in Table 1 .
The experimenters' intuitions concerning degree of association and size difference were then compared with those of normative subjects. Twenty Stanford University undergraduates rated each of the 48 word pairs on a 1-7 scale according to "how often you think of the two objects together," with a rating of 7 indicating maximal frequency. The pairs were listed in random order on a piece of paper. For each of the 24 comparisons (with the exception of one tie), the associated pair was given a higher rating of associative freq uency than was the nonassociated pair (means of 5.37 and 2.03, respectively). Table 1 presents the mean association rating for each word pair, as well as mean correct RTs obtained in the subsequen t size-comparison experiment.
In addition, the same subjects were given a second questionnaire. For each of the 24 comparisons, the word used to form the nonassociated pair was listed alongside of the associated word it replaced (e.g., for dog-cat vs. goat-cat, "dog" and "goat" were listed). For each comparison, the subjects were asked "to circle the object that you think is generally bigger in the real world." They were told to base their decisions only on "average or typical instances of the two categories," and that they could choose to circle neither word if the two objects seemed equal in size. Their ratings made it possible to determine for each comparison whether the associated or the nonassociated pair had a larger normative size difference. For 22 of the 24 comparisons, an equal or greater number of sentences circled the word indicating the nonassociated pair had a larger normative size difference. I Collapsing over all comparisons, 79% of the subjects' responses-indicated that the size difference was larger for nonassociates, 16% indicated that the difference was larger for associates, and 5% indicated that the size difference was equal. These questionnaire results thus confirmed that size difference and degree of association were pitted against each other in the present experiment.
Each of these word pairs was presented in four forms: with two orders of the words, and with either the adjective "bigger" or "smaller" (e.g., "Dogs are bigger than cats," "Cats are bigger than dogs," "Dogs are smaller than cats," and "Cats are smaller than dogs"). The total test set therefore comprised 192 sentences, with equal numbers of true and false sentences.
Procedure. Subjects were timed as they decided whether 
Results and Discussion
Since neither the main effect nor any interactions involving type of association (viz., minimal size contrast, same category, syntagmatic) approached significance, the mean RTs reported in Table 2 collapse across this variable. (There was a trend toward a larger association effect for minimal size-contrast pairs, mainly due to the relatively slow RTs of the nonassociated pairs matched with this condition.) As the mean correct RTs given in Table 2 indicate, the size comparisons involving associated categories (e.g., Dogs are bigger than cats) were indeed made more quickly than comparisons between non associated categories (e.g., Goats are bigger than cats).
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This 112-msec difference was highly significant using the quasi-F ratio statistic (Clark, 1973) , which treats both subjects and items as random effects [F'(! ,33) = 16.2, p < .001). This facilitating effect of association occurred for both comparative adjectives. and for both true and false sentences. It was obtained in spite of the fact that the subjective size difference was slightly larger for nonassociates. No interaction involving degree of association approached significance.
In addition to the association effect, people responded more quickly when the comparative adjective used was "bigger" rather than "smaller" [F'(1 ,31) = 38.8. P < .00 I) and when the sentence was true rather than false [F'(l,31) = 9.58, p<.OI).
The advantage of true sentences tended to be reduced when the adjective was "smaller," although this interaction fell short of significance [F'(J,24) = 3.67, .05<p<.IOj.
The overall error rate in the experiment was 7%, and error rates were identical for associates and nonassociates.
In summary, Experiment I demonstrated that a large and highly reliable semantic association effect can be obtained in a size-comparison paradigm. Increasing degree of semantic association facilitated RTs for both affirmative and negative decisions. 
EXPERIMENT 2
Although Experiment 1 demonstrated an associattve facilitation effect in a size-comparison task, the nature of the relationship between seman tic association and symbolic distance (size difference) could not be examined, since size difference was not systematically manipulated.
In Experiment 2, association and size difference were varied factorially so that the nature of the relationship between the two variables could be examined.
Since the associative facilitation effect characterized both affirmative and negative decisions in Experiment 1, a simple pair comparison task (which has been used in most previous mental comparison studies) was employed in the second experiment. The first step in selecting word pairs for this experiment was to collect systematic size norms for individual words, and association norms for word pairs. These norms were then used to generate a large set of associated and non associated pairs, each scaled for the size difference between the two words.
Method
Size norms. A pool of possible pairs of associates with clear size differences was first generated by the experimenters. The resulting 158 words (names of Common objects and animals) were then scaled for subjective size. Forty-seven Indiana University undergraduates served as subjects in this phase of the experiment in partial fulfillment of a course requirement. They were tested in groups of 10 or fewer. Each subject was given a deck of computer cards, with one word printed on each card. The order of the words in the deck was randomized individually for each subject.
In the first step of the scaling procedure, subjects were asked to sort the cards into nine different groups according to the size of the objects named on the cards, with the smallest items in the first group and the largest items in the ninth group. No constraints were placed on the number of cards that could be placed in each group. Subjects were told to base their groupings on the average or typical siZe of each item. When subjects had completed the sorting task, they were then asked to rank order the items within each group from smallest to largest, guessing if necessary. The en tire task required from 35 to 50 min for completion.
Two methods were used to convert the resulting data into a set of size norms for the 158 items. The first method involved using the nine groups as a category rating scale and calculating the size rating that a subject gave each item, using a formula that also took account of the rank given to an item within its group:
Rank Within Group -1 Size Rating = Group + _
Total Number of Items in Group
The resulting size ratings were then averaged over all subjects to yield a set of norms. These mean ratings and corresponding standard deviations are presented for all items in Table 3 .
The second method of deriving a set of norms, successive interval scaling (Bock & Jones, 1968) , avoids the need to assume that subjects treated the nine groups as a scale with equal intervals.
This method uses the frequencies with which each item was placed in each of the nine groups (ignoring withingroup rankings) and provides a simultaneous normalization of the distribution of responses to each item. Parameters for the boundaries between response categories and for item means on the resulting scale were estimated using a least-squares technique. The item means obtained in this fashion are also presented in Table 3 . The correlation between the norms derived by the two techniques was r = .99. The slight nonlinearity in the relation between the two scales is entirely due to the fact that the relative size of the spacings between the smallest and the largest items tended to be slightly larger in the successive interval norms.
Pair selection. Using the words that had been rated for size. 80 pairs of words judged by the experimenters to be highly associated were selected. These pairs, all of which are listed in Table 4 , exemplified a wide range of types of association. Eighty matching pairs of nonassociates were then created by replacing one of the words in each associated pair (equally often the larger or the smaller item) by a less associated word (drawn from the same item pool) that slightly increased the size difference. Sixteen items were used twice in an associated pair; the remainder were used only once. Only one word was used twice as a replacement to form non associated pairs. Each associate word was matched as closely as possible with its nonassociate replacement for syllable length, word frequency (based on Kucera & Francis, 1967), and standard deviation of mean size ratings.
Association norms. 1:0 confirm and quantify the experimenters' intuitions about the degree of association, a set of normative data was collected. Thirty-eight Indiana University students, all of whom had served the previous day in the RT phase of the experiment (see below), provided association ratings. Each of the 160 word pairs that had been constructed (80 associates and 80 nonassociates) was typed on a separate computer card. Each subject received a randomized deck containing all of the pairs. For half of the subjects, the larger item was printed on the left, and for half the subjects, the larger item was on the right. Subjects were told to sort the cards into nine groups on the basis of "the degree to which you feel the two objects are associated," using the first group for the least I associated pairs. Unlike the size-sorting task, subjects were not asked to rank order the items within groups. As would be expected given that the experimenters had selected pairs according to a dichotomy, subjects placed most items in the extreme groups and fewest in the central groups. Association norms were constructed for all pairs by averaging subjects' ratings and also by Successive interval scaling. Since the correlation between the two versions of the norms was virtually perfect (r = .995), only the mean ratings were subsequently used. For each of the 80 comparisons, the associated pair received a higher rating than the corresponding nonassociated pair (means of 7.08 and 2.03, respectively). Table 4 presents all the pairs used in the experiment, together with their association ratings, size difference (based on the successive interval norms), and mean correct RT in the sizecomparison experiment reported below.
Size-comparison experiment. In the RT phase of the experiment, subjects were presented with pairs of words and timed as they judged which word named the larger object. The total item set comprised 320 pairs (80 associates and 80 nonassociates, each presented once with the larger item appearing on the left and once with the larger item on the right). The experiment began at Indiana University, with the pairs presented on 12-in. TV screens controlled by an IBM 1800 computer. Subjects were tested in groups of up to eight, each in a semi-isolated booth. At the beginning of the experiment, the subjects read the instructions on the TV screens. If there were no questions, they went on to 20 practice trials. These consisted of 10 associated and 10 non associated pairs, constructed using words that did not Occur in the test set. The 320 test pairs were then presented. These were divided into eight blocks of 40. The division was random with the constraint that equal numbers of associates and nonassociates appeared in each group, with the left or right item being larger for equal numbers of pairs of each type. Also, all 160 unique pairs (collapsing over left-right order) were presented in the first four blocks, and then repeated in their reversed order in the second four blocks, Across different subjects the eight blocks were presented in four different orders. Subjects were given error feedback and a rest break after each block of 40 trials.
On each trial the two words appeared side by side and centered on the TV screen. The subject then pressed one of the . two response keys, with the correct response on the same side as the word naming the larger object. The nex t pair of words was presented approximately 1.5 sec after the subject's response. The entire session lasted approximately 45 min.
Thirty-eight Indiana University undergraduates were first tested in the experiment. At this point, the computer was halted by lightning, erasing the data for half of the subjects. This setback was then compounded when the computer was sold. Undaunted by these technical difficulties, we then moved the experiment to the University of Michigan, where it so happened that another IBM 1800 system was available. After reprogramming, 21 addi tional subjects were tested in essentially the same manner as described above. The results reported below are therefore based on data for a total of 40 subjects from the two universities.
Results and Discussion
The results were first examined separately for the Indiana and Michigan subjects. The Michigan subjects tended to respond more quickly overall; however, the basic pattern of results was identical for the two groups. Accordingly, the results reported here are based on the data averaged over all 40 subjects. The results also collapse over the four counterbalancing conditions and left-right pair order. Separate analyses of variance were performed treating subjects and items as random effects.
and minimum quasi-F ratios (min F') (Clark, 1973) Table 4 .
Overall, subjects chose the larger item an average of 50 msec more quickly for associated than for nonassociated pairs (means of 1,312 and 1,362 msec, respectively)
[min F'(I ,115) = 10.8, P < .OOIJ. This difference replicates the facilitating effect of association found in Experiment 1. However, the crucial concern in Experiment 2 was the question of whether and how the variables of degree of association and size difference would interact.
The relationship between the two variables was assessed in two ways. First, the correlations between mean RT and size difference were calculated separately for the 79 associates and 79 non associates. 3 For both types of pairs, RTs tended to decrease with increasing size difference. However, the correlation was considerably larger for the nonassociates (r= -.58, p < .01) than for the associates (r::; -.26, p < .05). The difference between the two correlations was significant (p < .02).
Size difference thus has a greater effect for nonassociates than for associates.
The relationship between degree of association and size difference was also assessed by analysis of variance. To perform this analysis, the pairs were divided into three levels of size difference-small, medium, and large-on the basis of the successive interval size norms (see Table 5 ). Of the 79 possible comparisons, 3 were dropped to eliminate any overlap between the association ratings for associates vs. nonassociates. In addition, all comparisons in which the matched associated and nonassociated pairs fell into different size categories (according to the cutoffs given in Table 5 ) were also excluded from the analysis. The remaining 63 comparisons were distributed in approximately equal numbers over the three size groups. As Table 5 indicates, mean association ratings were fairly constant across levels of size difference. 23.8, P < .001] , the effect of size difference was significantly reduced for the associates [min F'{l ,88) = 5.24, P < .025]. For pairs with small size differences, associated pairs were evaluated 108 msec more quickly than nonassociated pairs. This difference is virtually identical in magnitude to that obtained in Experiment 1 (where all size differences were relatively smail). In contrast, the advantage of the associates was reduced to a nonsignificant 19 msec for the pairs with the large size differences. In fact, for the seven comparisons between pairs with the largest size differences (range= 4.89-8.37), RT averaged 35 msec less for the nonassociates than for the associates. The analysis of variance results are thus entirely consistent with the correlation analysis reported above.
The error rate in the experiment was 4.3% for both associates and nonassociates. Over all 158 pairs, the correlation between mean RT and error rate was r = .54 (p < .01).
Several post hoc analyses were also performed on the RT data. One analysis probed for possible differences in the degree of facilitation produced by various types of semantic associations. Most of the items in the associated pairs were related in one of four ways: as members of the same superordinate category (e.g .. cat-dog), by the "part of' relation (e.g., toe-foot). the "on" relation (e.g., teapot-stove), or the "in" relation (e.g., pearl-oyster).
All of these association types speeded response times by approximately the same amount (a range of just 20 msec in the size of the association effect over the four types). As in Experiment 1, a wide variety of different semantic relationships produced similar decreases in comparison time. It remains possible, of course, that more sensitive tests may yet reveal differences in performance attributable to type of association. The effect of the item classification used by Paivio (1975) was also examined. All of the pairs used in the present experiment were classified as animal-animal, object-object, or animal-object. An initial examination did not reveal any clear RT differences among the three types of pairs, either for associates or nonassociates (a maximum difference of only 30 msec). A multipleregression analysis was then performed, using three variables to predict mean RTs for all pairs: size difference, association rating, and a dichotomous variable differentiating same-category (animal-animal and object-object) and different-category (animalobject) pairs. In a simultaneous regression analysis, the same-category vs. different-category variable achieved a partial correlation with RT of only -.06 (p = .46). In contrast, both the size difference and association variables remained significant beyond the .001 level even after the variance attributable to same vs. different category was removed. The present results are thus entirely consistent with Paivio's (I975) failure to find any consistent RT differences between same-category and different-category pairs.
GENERAL DISCUSSION
The two RT experiments reported here demonstrate that people can judge relative size more quickly for associated than for nonassociated object concepts. The results of Experiment 2 indicate that a high degree of association is more beneficial for pairs with small rather than large size differences. Conversely, the size difference between the items being compared has a greater influence for nonassociated than for associated pairs.
A model of the Size-comparison task must therefore account for three basic facts: (I) Large size differences facilitate the comparison process, (2) associations also facilitate the comparison process, and (3) associations are more facilitative for pairs close in size. One approach to developing a model is to assume that people use multiple decision strategies to compare the sizes of pairs of objects. These strategies might be broadly classified as a general strategy based on analog information, and a set of specific strategies based on propositional information. The former strategy, which in various forms has often been incorporated into models of mental comparisons, presumably relies on analog size values stored with the memory representations for object concepts. Such analog size information can be used to compare both associated and non associated items. Decisions based on analog information will be made more quickly the greater the difference in analog values (see Holyoak, 1978; Moyer & Dumais, 1978) .
The second set of strategies would rely on specific facts stored in memory about the relationships between object pairs. Consider, for example, a pair of closely related categories, such as dogs and cats. Since people often think of dogs and cats together, it seems likely that the normative size relation between the two categories may be part of their preexperimental knowledge . of the world. So, if they are asked which category is generally larger, they will not have to compute the relation from information about the size of exemplars SEMANTIC ASSOCIATION EFFECTS 311 of each category. Rather, they can simply retrieve the stored proposition "Dogs are generally larger than cats." In other cases, some known relationship that does not directly supply size information might guide an inference about relative size. Examples of such relationships include the "part of' relation (e.g., toe-foot), since Wholes are always larger than one of their parts; the "in" relation (e.g., pearl-oyster), since containers are usually larger than their contents (although there are exceptions, such as "sock" and "foot"); and the "on" relation (c.g., teapot-stove), since the supporting object is usually (although not always) larger than the supported object. All of these are types of facts stored in seman tic memory that could facilitate inferences about relative size. It is obvious that such information would be more likely to link highly associated items than words that are rarely associated. Comparison strategies based on such information would therefore produce faster decisions for associated pairs.
To account for the obtained interaction between size difference and degree of association, the "multiple decision strategies" approach assumes that both analog and propositional information become available to the subject in parallel (see also the analog-discrete parallel processing model proposed by Kosslyn , Murphy. Bemesderfer, & Feinstein, 1977) . If this is so, then a correct decision will be made relatively quickly either if the size difference between the two objects is large (based on analog information) or if the objects are closely associated (based on propositional information). As a result, degree of association will have less effect for pairs far apart in size, while size difference will have less effect for pairs that are highly associated. Thus there should be main effects of both size difference and association value, and the two variables ought to interact-exactly the results we observed.
It is clear that a variety of questions need to be answered in order to develop a model of the comparison process based on multiple decision strategies. In particular, the manner in which various types of propositional information might actually be used to derive inferences about relative size needs to be specified more clearly. In general, one would expect that some types of associations would yield size inferences more directly (and hence more quickly) than others. While the present study found no clear evidence of differences in degree of facilitation attributable to type of association, it may prove possible to derive more specific predictions of this nature from a more detailed version of the multiple decision strategies hypothesis.
An alternative approach attempts to account for the fact that the association and size-difference variables interact without postulating multiple decision processes. According to the "scan plus comparison" model of mental comparisons proposed by Moyer and Dumais (1978) , subjects first access the stored analog size values for each of the presented items (scan) and then compare the two values. If the two size values differ by some criterial amount, the appropriate response is executed; if not, the difference is added to an internal accumulator and the scan plus comparison process is repeated. This model can account for the symbolic distance effect, since the greater the size difference between the two items being compared, the fewer iterations of the scan plus comparison process will be required to reach a decision.
With respect to the present results, the critical assumptions of the model are that the memory search process (scanning) is repeated on each iteration, and that this scanning process is facilitated by semantic association. That is, once one of the items has been located in memory, the second will be found more quickly if it is an associate (see Meyer & Schvaneveldt, 1971; Meyer, Schvaneveldt, & Ruddy, 1974, Note 2) . Since the model assumes that the search process is repeated on each scan plus comparison iteration, the advantage of associated over nonassociated pairs will be greatest for pairs with small size differences (since these will require a relatively large number of iterations). Some readers may think this model implausible, since it requires that memory be searched all over again whenever an additional iteration is required. But suppose that the comparison itself cannot be made in the storage space, but only in some working memory space. Then exemplars of the to-be-compared items, once found, would be transferred to the working memory space for comparison. Under this arrangement, it seems quite reasonable for the search to begin anew, perhaps from the working memory space, if the comparison fails.
The results reported above cannot decide between the two approaches we have outlined, since both proposals can account for the three basic facts mentioned earlier. Since both hypotheses posit an analog strategy, manipulation of the presumed propositional links appears to be the most direct empirical test of these notions. For instance, if the multiple decision strategies notion is correct, supplying pair-specific propositional size information about nonassociates ought to speed comparison of those items, as should providing additional pair-specific propositional size information about the associates. Conversely, selectively interfering with the retrieval of propositional information about size would be expected to slow RT. But according to this proposal, pair-specific propositional information unrelated to relative size should not affect decision time. The scan plus comparison model, however, predicts that pair-specific propositional information will facilitate size comparisons by virtue of information, even when the new information is not relevant to size (or to inferences about size).
Although we cannot yet favor one of our proposals over the other, we have answered the questions posed at the outset. Both symbolic distance and semantic association effects can be observed in the same experiment. they are not additive, and both the scan plus comparison model and the hypothesis of multiple decision strategies can account for the observed results. It should now be possible to begin to integrate the research on mental comparisons with the broader range of work on semantic memory.
